Three female sika deer from a single captive herd were submitted for postmortem examination over a 139-day period. The first 2 deer submitted were reported to have lost body mass for 20 days to 1 month before euthanasia. One of these deer had diarrhea, the other had a crusting dermatitis on the nasal planum and inner aspects of both pinnae. The third hind did not have any signs of disease before it was found seizuring and was immediately euthanatized. Microscopically, all 3 animals had a lymphocytic vasculitis typical of malignant catarrhal fever (MCF), with the most severe lesions in the brain. All 3 deer were polymerase chain reaction (PCR) positive for caprine herpesvirus 2 (CpHV-2) and were negative for ovine herpesvirus 2 (OHV-2). Two healthy goats that were housed adjacent to the deer were also PCR positive for CpHV-2 and PCR negative for OHV-2. The CpHV-2, PCR amplicons from the hinds, and the 2 healthy goats had an identical single base polymorphism. A male sika deer that was housed with the hinds and a fawn from 1 of the hinds remained asymptomatic and were PCR negative for CpHV-2. This represents the first report of mortality with MCF-like lesions in association with CpHV-2.
Malignant catarrhal fever (MCF) is a disease of numerous ruminant species caused by a group of closely related viruses of the family Gammaherpesvirinae, including ovine herpesvirus 2 (OHV-2) and alcelaphine herpesvirus 1 (AHV-1). Malignant catarrhal fever due to OHV-2 is the sheep-associated form typically encountered in the United States and in other parts of the world, whereas AHV-1 causes the wildebeest-associated form of the disease.
Other closely related gammaherpesviruses have been described, including hippotragine herpesvirus, an unnamed gammaherpesvirus in white-tailed deer (Odocoileus virginianus), and caprine herpesvirus 2 (CpHV-2). [9] [10] [11] Hippotragine herpesvirus was isolated from a roan antelope (Hippotragus equinus) in a British zoological collection and experimentally caused MCF in rabbits, although it has not been associated with disease in any other species. 15 The virus identified in white-tailed deer was discovered in animals dying of fulminant MCF in a North American zoo. An endemically affected host species has not been identified for the whitetailed deer virus.
Recently, CpHV-2 was identified in domestic goats by polymerase chain reaction (PCR) and was demonstrated by sequence homology to be very closely related to the other viruses in the MCF virus group. 10 The PCR results indicated a high prevalence (84%) of the virus in goats from a variety of breeds sampled from across the United States and from Alberta, Canada. Caprine herpesvirus 2 has not been associated with MCF, although the initial report mentions unpublished results correlating CpHV-2 with chronic weight loss in sika deer. In this communication, spontaneously occurring MCF is described in a captive herd of sika deer (Cervus nippon) in association with CpHV-2 and in the absence of any potential source of OHV-2. Three sika deer hinds, from the same captive herd, were individually presented to the Arizona Veterinary Diagnostic Laboratory, Tucson, AZ, for postmortem examination between November 29, 2000, and March 19, 2001. Only 2 deer survived in the herd, an adult stag and a fawn that was delivered from one of the affected deer by an emergency cesarean section. Two goats, a dwarf Nigerian doe and a Nubian doe, were housed adjacent to the deer. The goats had contact with the deer along a fence line and the dwarf Nigerian doe had been known to cross the fence into the deer enclosure. Neither goat had been bred while in contact with the deer. However, the affected deer were acquired from an outside source, and the possibility of previous contact with other goats could not be eliminated. The 3 hinds were purchased at the same time, approximately 5 months before the first deer displayed clinical signs. Immediately after the third deer was euthanatized, the goats were removed from the premises, and the surviving deer had no additional contact with goats.
Case 1 was a 3-year-old sika hind that died on November 29, 2000, after an approximately 1-month period of weight loss. The deer was anorexic on November 26 and developed diarrhea on November 27. By the next day the diarrhea became hemorrhagic, and the deer died the following morning. The perineum was covered by a thin layer of dried fecal material, and the colon and small intestine were filled with brown, malodorous fluid. An early-term fetus was present, which grossly appeared normal. Microscopically, the brain, including meninges, cerebrum, and cerebellum, had marked accumulations of lymphocytes in the adventitia of blood vessels and in the adjacent perivascular space or neuropil. Rare plasma cells were also present. Similar but more mild and random infiltrates were present in blood vessels of the mesentery, heart, and kidneys. A mild to moderate enteritis was characterized microscopically by hemorrhage and accumulations of lymphocytes and plasma cells in the lamina propria. Virus isolation and PCR techniques for bluetongue virus and epizootic hemorrhagic disease virus were negative. The second deer, a 1-year-old hind, died on January 16, 2001, after a 10-day history of weight loss; no other clinical signs were observed. The skin adjacent to the nasal planum and on the inner aspects of both pinnae was heavily crusted. Pericardial and perirenal fat was absent, although fat was present in the medullary cavity of long bones. A 0.5-cm diameter focus on the abomasal mucosa was covered by fibrin. Normal well-masticated fodder was present in the rumen, and normal feces were present in the colon. Histologic examination revealed a moderate to severe lymphocytic meningoencephalitis characterized by large numbers of lymphocytes within the adventitia of blood vessels. The lesions were randomly distributed throughout the brain. The adventitia of rare blood vessels in the skeletal muscle and the mesometrium of the uterus were expanded by large numbers of lymphocytes and few to moderate numbers of neutrophils. Fibrinoid necrosis occurred in a smaller subset of these vessels. Blood vessels of the lingual submucosa had cuffs consisting of low numbers of lymphocytes, but the remainder of the gastrointestinal tract was unaffected. The epidermis of the pinnae and rostrum was markedly hyperplastic with diffuse hyperkeratosis and a thick, superficial crust ( Fig. 1 ). Lymphocytes greatly expanded the adventitia of dermal blood vessels and infiltrated adnexal glands, the walls of hair follicles, and deep layers of the epidermis. Aerobic bacterial cultures of the large and small intestine yielded normal enteric flora, and anaerobic cultures of the small intestine were negative. Bluetongue virus, epizootic hemorrhagic diarrhea virus, and bovine viral diarrhea virus were not identified using virus isolation techniques.
Deer 3 began having seizures on May 19, 2001, and was immediately euthanatized. This 1-year-old hind had a fullterm fetus that was recovered by an emergency caesarian immediately after euthanasia. At necropsy, the only gross lesion was mild hypopyon in the anterior chamber of the right eye. Microscopically, a few blood vessels in the choroid of the right eye had mild adventitial and perivascular accumulations of lymphocytes. The majority of blood vessels in the brain and meninges had marked perivascular accumulations of large lymphocytes that expanded the tunica media and tunica adventitia of larger blood vessels ( Fig. 2) . Fibrinoid necrosis and karyorhectic debris were very rare, but the surrounding parenchyma was rarefied, and a clear space separated the affected blood vessels from the neuropil. The latter findings were interpreted to represent vasogenic edema. A small number of blood vessels in the kidneys and lungs were similarly affected by lymphocytic infiltrates. The fawn survived and never developed any clinical signs suggestive of MCF.
The DNA was extracted from fresh samples of cerebral cortex (25 mg each) from each of the 3 necropsy specimens, using a commercial kit, 1 and stored at Ϫ20 C until further use. Skin (25 mg) from the rostrum of deer 2 was also used as a source of DNA. Blood samples from the commingled goats and the surviving stag and fawn were collected in ethylenediamine-tetraacetic acid, and a buffy coat extraction was performed. The collected buffy coat was then passed through a commercial kit a to purify the DNA. The DNA samples from all animals were used as the template for consensus PCR, using degenerate primers designed for a portion of the DNA polymerase gene of herpesviruses. 17 Additional PCR protocols used the sample template with primers specific for OHV-2 and CpHV-2. 1, 10 For consensus PCR, primers 3, 4, and 8 were used in the primary reaction, whereas primers 6 and 10 were used in the secondary reaction (Table 1) . 6 Consensus PCR cycling conditions were performed as previously described with the exception that the annealing temperature was lowered to 37 C. 6 For the primary reaction, 2.5 l of DNA template ranging from 0.019 to 0.124 g/l was used, whereas 2.5 l of the primary reaction product (concentration not determined) was used for secondary reactions. The CpHV-2 PCR was performed using the same reagent concentrations used for the consensus PCR, with the excep- Table 1 . PCR primers used in consensus herpesvirus PCR reactions and in reactions specific for CpHV-2 or OHV-2. Base substitutions were made as indicated to generate multiple species of oligonucleotides for each consensus primer: D, adenine, guanine, or thymine; M, adenine or cytosine; R, adenine or guanine; S, cytosine or guanine; Y, cytosine or thymine.
Herpesvirus consensus primers
Primary reaction 3 5ЈGAYTTYGCIAGYYTITAYCC3Ј 4 5ЈTCCTGGACAAGCAGCARIYSGCIMTIAA3Ј 8 5ЈGTCTTGCTCACCAGITCIACICCYTT3Ј
Secondary reaction 6 5ЈTGTAACTCGGTGTAYGGITTYACIGGIGT3Ј 10 5ЈCACAGAGTCCGTRTCICCRTADAT3Ј
Caprine specific primers (CPHV-2) CPHV-2F 5ЈCCTGCCTCACCATTGCGGAAA3Ј CPHV-2B 5ЈGGCATAGCTCCCTCAGGTGCT3Ј
Ovine specific primers (OHV-2) Primary reaction 775 5ЈAAGATAAGCACCAGTTATGCATCTGATAAA3Ј 556 5ЈAGTCTGGGGTATATGAATCCAGATGGCTCTC3Ј
Secondary reaction 555 5ЈTTCTGGGGTAGTGGCGAGCGAAGGCTTC3Ј 556 5ЈAGTCTGGGGTATATGAATCCAGATGGCTCTC3Ј tion that 1.0 M rather than 2.0 M of primer was used. Because PCR conditions with these CpHV-2 primers have not been previously described, touchdown PCR (TD-PCR) was used to ensure the accuracy of the primers. 5 The TD-PCR is defined by a serial reduction in annealing temperature such that the T m is bracketed to ensure that the optimal annealing temperature is included in the cycle sequence. The TD-PCR included an initial cycle at 95 C for 5 minutes followed by 20 cycles of 95 C for 1 minute, annealing at 70 C for 1 minute followed by 72 C for 2 minutes. For each of the 20 cycles, the annealing temperature was decreased by 0.5 C, but the denaturation and extension temperatures remained constant. After those 20 cycles, 15 additional cycles were performed in which the reactants were heated to 95 C for 1 minute, 60 C for 1 minute, and 72 C for 2 minutes. For the final extension step, the mixture was incubated at 72 C for 5 minutes. Control-negative reaction tubes contained sterile ddH 2 O instead of DNA template; all other reagents remained the same.
Polymerase chain reaction based on consensus primers produced a product of approximately 215 base pairs (bp) from all 3 hinds with MCF and from both goats that were commingled with them ( Fig. 3 ). In addition, faint bands were found in the surviving fawn and stag. The PCR, with primers specific for OHV-2, failed to amplify a DNA sequence from any of the deer or goats. When primers specific for CpHV-2 were used in PCR, a product of approximately 108 bp was detected from tissues of the 3 dead hinds and from samples from both goats but not from the stag or the fawn (Fig. 4) . The CpHV-2-specific PCR was repeated for each goat and the 2 surviving deer using separate blood samples. Both deer were consistently negative and the dwarf Nigerian goat was consistently positive. Although initially negative, the Nubian goat was positive by subsequent PCR attempts.
The PCR products were separated by electrophoresis on a 1.5% agarose gel and viewed with ethidium bromide. Portions of the gel containing herpes-consensus DNA sequences of 215-235 bp were removed with a sterile scalpel, and the sequences were purified using a commercially available kit. a The nucleotide sequences of the PCR products were determined by dye terminator cycle sequencing. The PCR products derived by consensus herpesvirus primers were sequenced because they yield longer DNA sequences than do CPHV-2specific PCR products (ϳ200 bp vs. 108 bp). Sequence results were obtained from all 3 hinds and both goats, and a comparison revealed 100% identity among sequences from all animals. When the sequences were aligned with CpHV-2 from GenBank (AF275941), they matched 176 of the 177 bases Figure 5 . Alignment of DNA sequences from the 3 affected sika deer and the 2 healthy goats and a comparison with the previously published CpHV-2 sequence. The sequences labeled ''Nubian'' and ''dwarf,'' respectively, represent the Nubian and dwarf Nigerian goats housed adjacent to the deer. Sequences 4702, 0296, and 3152 represent the deer of necropsy cases 1, 2, and 3, respectively. Sequence CpHV-2 is a portion of the CpHV-2 sequence available from GenBank. Asterisks represent identical bases, and deletions indicate mutations. (Fig. 5 ). The only difference was a change from guanine to adenine at base number 147 of the CpHV-2 sequence, but despite the base change there was no change in the amino acid sequence. No sequencing results were generated from the faint bands produced by consensus PCR in the fawn or the stag, although several attempts were made. This may have been due to the low concentration of the product. Repeated attempts at PCR, using consensus primers and the same blood samples, did not reliably generate the indistinct bands observed initially. Both deer were separated from the goats immediately after the diagnosis of the third case, and they remain asymptomatic at the time of this submission.
This represents the first report of MCF, in any species, in association with CpHV-2. Weight loss and dermatitis have been reported in sika deer that were PCR positive for CpHV-2, but there have been no reports of mortality, clinical signs, or lesions, which are characteristic of MCF. 10 The most consistent and severe finding among the deer examined in the outbreak described in this study was severe lymphocytic vasculitis throughout the brain and leptomeninges. Accumulations of large lymphocytes cuffed small vessels throughout the brain and expanded the adventitia and tunica media of larger veins and arteries. Deer 1 and 2 had a more widespread lymphocytic vasculitis, affecting heart, kidneys, mesentery, tongue, skeletal muscle, or uterus. However, the lesions in these tissues were less consistent and much less severe than the lesions in the brain.
Two of the 3 cases in this series had prolonged clinical signs of 10 days to 1 month. Chronicity of the disease, in both deer, was further indicated by weight loss characterized by serous atrophy of fat. Poor nutritional condition has also been reported in axis deer (Axis axis), rusa deer (Cervus nippon), and a Shira's moose (Alces alces) diagnosed with MCF. 3, 4, 18 An additional chronic lesion in deer 2 was the crusting dermatitis with marked acanthosis. Although not frequently associated with MCF, chronic dermatitis has been described in cervid cases of the disease. 12 The presentation of disease in the third deer was much more acute; no clinical signs were evident before the deer began seizuring and was euthanatized in extremis. Other reports of MCF in sika deer, in association with either wildebeest or sheep, describe a more acute clinical course with death occurring without clinical signs or no longer than 4 days after the onset of signs such as anorexia, depression, and hematuria. 7, 14 One of the current cases had hemorrhagic enteritis as described in sika deer. 7, 14 The vasculitis typical of MCF was not seen in association with the hemorrhagic enteritis in our case, neither was it described in 2 sika deer from Ontario that were exposed to sheep. 14 In contrast, a case of experimental transmission of MCF from sheep to sika deer and an epizootic of MCF in white-tailed deer were characterized by intestinal hemorrhages associated with lymphocytic vasculitis of intestinal blood vessels, similar to the vasculitis affecting other organs in these deer. 2, 7 Oculonasal discharges and corneal edema were notably absent in all 3 sika deer, although this is a frequent finding in cattle. Reports of MCF in various species of cervids, including rusa deer, red deer (Cervus elaphus), axis deer, black-tailed deer (Odocoileus hemionus), and moose, described corneal edema, but these animals lacked the profuse catarrhal exudate often seen in the head and eye form of the disease in cattle. 3, 4, 8, 13, 16, 18 Other reports of MCF in whitetailed deer and sika deer noted a lack of corneal edema. 2, 9, 14 Clearly, there is significant variability in clinical signs and lesions among different species affected by MCF. The lymphocytic vasculitis remains a consistent finding, although the organ distribution does vary among affected species and even among conspecific cases. The distribution of the vasculitis also may vary in relation to the specific virus associated with the disease. The vasculitis, in all 3 current cases, was much more severe in the brain, although other reports of sika deer with the wildebeest-or sheep-associated forms of the disease indicated the presence of severe vasculitis in many organs.
The deer described in this study were PCR positive using CpHV-2-specific primers but were PCR negative for OHV-2. In addition, the use of degenerate primers failed to generate PCR products consistent with other species of herpesvirus. The correlation of CpHV-2 with clinical disease and mortality in the affected deer, and the absence of other herpesviruses, suggests a causal relationship between CpHV-2 and MCF in these sika hinds. Furthermore, the 100% sequence identity between the commingled goats and affected deer suggests that those goats were the source of the infective virus. A slight variation in the sequence of herpesvirus DNA from the affected deer as compared with goats examined from other locations further substantiates this hypothesis. The sequence variations seen are consistent with genomic variation within a single species of herpesvirus. 7 The range of species susceptible to MCF in association with CpHV-2 remains to be determined. However, where deer and goats are allowed to commingle, the potential occurrence of MCF in the exposed deer must be acknowledged. As with other mammals and their adapted herpesviruses, goats have a high degree of endemicity for CpHV-2 without any clinical signs, and it is likely that any domestic goats may be carriers of the virus. 10 Though CpHV-2 had not been associated with MCF at the time this manuscript was submitted, a subsequent report has emerged linking this virus to MCF. The article by Li et al. can be found in the Journal of Veterinary Diagnostic Investigation, volume 15, number 1, pages 46-49 and describes 2 separate outbreaks of MCF in white-tailed deer attributed to CpHV-2.
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